The long-standing anomaly in the anomalous magnetic moment of the muon indicates the presence of chirality violating new physics contributions. A possible solution involves scalar leptoquarks with left-and right-handed couplings to the top quark. Two such representations of scalar leptoquarks exist for which the contribution to (g − 2)µ can possess an mt/mµ enhancement compared to the Standard Model. The leptoquarks also induce loop corrections to Z couplings to muons which probe as well new physics contributions which possess sources of SU (2) symmetry breaking and we find that this effect should be observable at future experiments as GigaZ or TLEP. Furthermore, once interactions of the leptoquark with tau leptons and electrons are present, additional correlated effects in anomalous magnetic moments, Z → and → γ arise, which can be used to test the model and to determine the flavour structure of the couplings. We find that the two representations of leptoquarks can be distinguished also from low energy experiments: one representation predicts constructive interference with the Standard Model in Z couplings to leptons and effects in B → K ( ) νν, while the other representation interferes destructively with the Standard Model in Z couplings to leptons and gives a C9 = C10-like contribution to b → s + − processes.
I. INTRODUCTION
So far, the LHC did not directly observe any particles beyond the ones present in the Standard Model (SM) of particle physics. However, we have several hints for lepton flavour (universality) violating new physics (NP). Despite the anomalies in B physics and the hints for a non-vanishing decay rate of h → τ µ (see Ref. [1] for an overview), the best known (and oldest) of these anomalies is the one in the anomalous magnetic moment (AMM) of the muon. The world average of the measurement of a µ ≡ (g − 2) µ /2 is completely dominated by the Brookhaven experiment E821 [2] and is given by [3] a exp µ = (116 592 091 ± 54 ± 33) × 10 −11 where the first error is statistical and the second one is systematic. The current SM prediction is [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] i.e. a 3.1σ deviation. Possible NP explanations besides supersymmetry (see for example Ref. [14] for a review) include very light Z bosons [15] [16] [17] [18] [19] [20] [21] [22] [23] , additional fermions [24] , new scalars [25] [26] [27] [28] [29] [30] [31] , or other vectors [32] [33] [34] .
An alternative explanation of the AMM of the muon involves leptoquarks [34] [35] [36] [37] [38] [39] [40] [41] [42] . Here, even though the leptoquark must be rather heavy due to LHC constraints [43] [44] [45] [46] [47] [48] [49] , one can still get sizable effects in the AMM since the amplitude can be enhanced by m t /m µ compared to the SM. In fact, among the 5 scalar leptoquark representations which are invariant under the SM gauge group [50] , only two can in principle generate these enhanced effects as they possess couplings to leftand right-handed muons simultaneously:
The corresponding Feynman diagram (see left diagram in Fig. 1 ) involves a top quark providing the necessary chirality flip.
A very similar diagram also contributes to Z → µ + µ − . Since also this decay is sensitive to additional sources of chirality violation, again only the top contribution (shown in the right diagram in Fig. 1 ) can be important. This relation among the two processes can be easily recognized in the effective field theory approach: at lowest dimension (dim-6) gauge invariance enforces that the effective interaction generating a µ involves one coupling to arXiv:1612.06858v1 [hep-ph] 20 Dec 2016 the Higgs doublet while a modified Z → µ + µ − coupling requires couplings to two Higgs doublets. Interestingly, due to SU (2) L invariance, an explanation of the AMM of the muon with top couplings causes correlated effects in the decays of bottom mesons, i.e.
Furthermore, once leptoquarks couple to electrons and taus, additional NP effects in a e , a τ , Z → and → γ are generated. Again, these effects will be correlated and can be used to identify the flavour structure of the leptoquark model under interest.
For all the processes discussed in this article, significant experimental progress can be expected in the future as there are many forthcoming and planned experiments: E989 will improve on the AMM of the muon [51] , BELLE II will open a new chapter in precision tau physics [52] improving the limits on τ → µ(e)γ, a τ , but also on B → K ( * ) νν. Furthermore, the GigaZ experiment [53] at a future ILC, or TLEP [54] at the FCC, would produce order of magnitude more Z gauge bosons than LEP. This will allow for extremely accurate determinations of Z couplings to fermions and provide stringent limits on lepton flavour violating Z decays. Last but not least, MEG II [55] at PSI will significantly increase the existing µ → eγ bounds and Mu3e the µ → 3e bounds [56] .
The goal in this article is to investigate the correlations among the AMM of the muon, Z couplings to leptons, → γ, b → sνν and b → sµ + µ − and to discuss the implications for future experiments. In the next section we will present our model and provide the necessary formulas for the phenomenological analysis done in Sec. III before we conclude in Sec. IV.
II. MODEL AND OBSERVABLES
As outlined in the introduction, a main motivation for this article is explaining the AMM of the muon via chirally enhanced loop effects. For leptoquarks the most pronounced enhancement stems from top quark loops. The two scalar leptoquarks (Φ 1 and Φ 2 ) which can generate these enhanced effects transform as Φ 1 :
under the SM gauge group
Here we suppressed flavour indices. After electroweak symmetry breaking we expand the SU (2) L components and get
where the couplingsλ are related to λ via CKM rotations and the Φ subscripts correspond to the electric charge.
Since we are interested in couplings to top quarks only, we will from now on assume that all other couplings are zero and abbreviate the remaining ones via λ
for a = 1, 2. Note that we dropped here the subscript 1 and 2 since we will consider the singlet case and the doublet case separately.
A. Anomalous magnetic moments and radiative lepton decays
The shifts in the AMMs are given by
and the expressions for radiative lepton decays read
with
Here M denotes the mass of the leptoquark which for Φ 2 only differs among the SU (2) components by O(v 2 /M 2 ). Furthermore, we set N c = 3.
For the AMMs these expressions have to be compared to the experimental constraints for the electron [57] (8 × 10 −13 ), the muon (see Eq. (1)) and the tau [58] (O(10 −2 )). Concerning radiative lepton decays, the current µ → eγ experimental bound, obtained by the MEG collaboration [59] is Br(µ → eγ) ≤ 4.2 × 10
and a future improvement of one order of magnitude is expected from the MEG II experiment [55] . The BaBar collaboration [60] found only significant weaker bounds on radiative τ decays compared to the ones of the muon: the current experimental bound on τ → µγ is Br(τ → µγ) < 4.4 × 10 −8 , while for τ → eγ the limit is Br(τ → eγ) < 3.3 × 10 −8 , both at 90% C.L.. Future sensitivities of the order of 10 −9 are expected for these observables at BELLE II [61] .
B. Z couplings and decays
The modifications of Z couplings to leptons are given by
at leading order in m Here the upper sign corresponds to Φ 1 and the lower one to Φ 2 . The opposite signs reflect the fact that for Φ 2 we have a top quark in the loop instead of an anti-top quark for Φ 1 . We constrain the flavour diagonal couplings from the combined fit presented in the PDG [3] . The constraints on the axial vector current are much stronger than the ones on the vector currents and are given by −0.4 × 10
for muons at the 1 σ level. Note that here the interference with the SM for Φ 1 is necessarily constructive while for Φ 2 it is destructive.
For f = i the Z → i f branching ratios are given by
(10) with Γ tot Z = 2.49 GeV [3] . The current bounds on Z → ± i¯ ∓ f by LEP are given by [62] ,
The future sensitivity of GigaZ to these LFV decays of the Z boson could reach an improvement of up to three orders of magnitude [63] .
Only the SU (2) doublet leptoquark Φ 2 contributes to b → s + − . Using the effective Hamiltonian
we have
Even though one cannot fully explain the observed anomalies in b → sµ + µ − transitions with C f i
10 , a slight improvement of 1 σ in the global fit compared to the SM is possible and the preferred 2 σ range is given by −0.64 ≤ C [64, 65] (see also Ref. [66, 67] ).
Only the SU (2) singlet leptoquark Φ 1 contributes to b → sνν transitions at tree-level. Following Ref. [68] we write the relevant effective Hamiltonian as
and C SM L ≈ −1.47/s 2 w . The branching ratios normalized by the SM predictions read This has to be compared to the current experimental limits R νν K < 4.3 [69] and R νν K * < 4.4 [70] . The Belle II sensitivity for B → K ( * ) νν is 30% of the SM branching ratio [52] . 
However, this equation should only be considered as an order of magnitude estimate, since also quartic couplings of two leptoquarks to two Higgses are allowed by renormalizability which would contribute to this process. Furthermore, the possible rates are far below future sensitivities and we will not discuss this decay in our phenomenological analysis.
III. PHENOMENOLOGICAL ANALYSIS AND FUTURE PROSPECTS
In a first step, let us consider the case in which the leptoquark couples to muons only. In this setup constraints from the AMM of the muon, Z → µ + µ − and b → sµ + µ − (for Φ 2 ) or b → sνν (for Φ 1 ) arise. The allowed regions from these processes are shown in Fig. 2 for a leptoquark mass of 1 TeV. Note that, neglecting logarithmic effects, the constraints on the couplings simply scale like M/(1 TeV). For Z → µ + µ − also the expected future bounds at GigaZ are shown where one can expect an increase of precision by a factor of around 20 [72] . Also the projected TLEP bounds and BELLE II limits for B → K ( * ) νν are depicted.
Once couplings to tau leptons are present, the situation gets more involved. Assuming that one aims at addressing the AMM of the muon, non-zero branching ratios for τ → µγ and Z → τ ± µ ∓ are generated once tau couplings are turned on. This is illustrated in Fig. 3 where the complementary constraints on the couplings for both leptoquark representations are shown. Note that couplings to tau leptons can only be sizable if there is simultaneously a large hierarchy λ R λ L or λ L λ R both for muon and tau couplings.
Since the bounds from µ → eγ are so stringent, one can see without detailed analysis that couplings to electrons must be extremely tiny if couplings to muons are sizable. In fact, µ → eγ rules out any observable effect in the AMM of the electron if there is a deviation in the anomalous magnetic moment of the muon as currently suggested by theory and experiment. Furthermore, no measurable effect in Z → µe, even at future colliders, is possible since the bounds on the Zµe coupling from µ → 3e are much more stringent [73] .
In case of couplings to electrons and taus but vanishing couplings to muons (i.e. giving up an explanation for (g− 2) µ ), the situation is similar to the one with couplings to muon and taus. However, the constraints from the AMM of the electron are stronger, allowing only for smaller couplings to electrons and therefore leaving more freedom in tau couplings. 
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IV. CONCLUSIONS
In this article we considered the impact of leptoquarks on the AMM of the muon, Z couplings to leptons, radiative lepton decays, b → s + − and b → sνν. There are two leptoquark representations which are phenomenologically interesting since they can give m t /m µ enhanced effects in the AMM of the muon and potentially explain the observed anomaly. Their main features, which allow to distinguish them also using low-energy precision experiments, are:
• SU (2) singlet Φ 1 : Constructive interference with the SM in axial vector current contributing to Z → and effects in b → sνν.
• SU (2) doublet Φ 2 : Destructive interference with the SM in axial vector current contributing to Z → and effects in b → sµ + µ − .
In our numerical analysis we found that if the AMM of the muon is explained by one of these leptoquarks, future experiments like TLEP or GigaZ should be able to see deviations in Z → µ + µ − . If one aims at an explanation of the AMM of the muon, stringent constraints on couplings to electrons and taus arise. Due to the constraints from µ → eγ, couplings to electrons must be zero to a good approximation but there is still space for sizable couplings to taus, allowing for measurable effects in Z → τ + τ − . However, also here sizable couplings are only possible in the presence of a hierarchy between the left-and right-handed couplings both in the muon and in the tau sector. In this case, sizable rates for τ → µγ are generated and also Z → τ ± µ ∓ could be in the range of future precision experiments.
